Twenty-four Saanen goats, 15 multiparous and nine primiparous, were distributed in a completely randomised design in a factorial arrangement (3 diets × 2 parities). The treatments were soybean meal (SB), soybean + dry yeast (SBDY), or dry yeast (DY) as a protein source in the diet, and ground corn, mineral supplement, and corn silage (400 g/kg). The study was conducted to evaluate the nutritive value of diets containing inactive dry yeast as a protein source postpartum, postpeak, and during late lactation in dairy goats. To estimate the faecal excretion of indigestible material, neutral detergent fibre was used as an internal marker. The diets did not affect dry matter intake (DMI). However, DMI and nutrient intake were higher for multiparous goats compared with primiparous goats. The digestibility of dry matter and total digestible nutrients (TDN) were higher for primiparous goats in the postpartum period. In the postpeak and late lactation periods, there were no differences in digestibility of DM and nutrient between parities. The TDN was similar in the diets in the postpeak period and at lactation end. The goats fed the DY diet had lower urea nitrogen in blood. The use of inactive dry yeast to substitute soybean meal in diets for primiparous and multiparous lactating Saanen goats is a good alternative for maintaining the nutritional value of diets.
Introduction
The production and exploitation of high geneticpotential dairy goats, like Saanen, demands specific feeding, since these animals have greater requirements to support productivity (Rodrigues et al., 2007) . The nutritional value of the feed must be considered during diet formulation; thus, an evaluation of its chemical composition as well as intake and digestibility is necessary, because these are the main factors that influence performance and reproductive efficiency (Pina et al., 2006) .
Blood urea determination is also important in the evaluation of foods containing protein. Blood urea, which originates from the ammonia metabolism in the rumen and from the circulating amino acids, depends on the rumendegradable and undegradable protein content of the diet (Peixoto and Osório, 2007) .
The commercialisation of by-products is a profitable way to minimise the environmental impact of the sugar and alcohol industries. Dry yeast, which is composed of inactive cells of Saccharomyces cerevisiae, is one of these byproducts. For animal feeding, this is a good source of nutrients such as protein, vitamins (B vitamins, especially), minerals (iron, zinc, and selenium), carbohydrates that make up the cell wall (200 to 400 g/kg), and a significant amount of nucleotides (Araújo and Silva, 2009 ). Depending on the S. cerevisiae strain and extraction process applied, inactive dry yeast can have from 400 g/kg to 550 g/kg of crude protein, on a dry matter (DM) basis (EURASYP, 2006) . Thus, this product may be a good source of protein to replace traditional protein sources (e.g., soybean meal).
Inactive dry yeast is normally characterised by its very fine texture and specific smell (Amorim and Lopes, 2009) , which may interfere with parameters such as dry matter intake (DMI) . However, the available information on the use of inactive dry yeast in diets for Saanen dairy goats throughout lactation is scarce. In this study, it was hypothesised that inactive dry yeast could partially or totally replace soybean meal in corn silage-based diets for primiparous or multiparous dairy goats without detrimental effects on the nutritive value in the different phases of lactation.
Thus, this study was conducted to evaluate the nutritive value of diets containing inactive dry yeast as a protein source postpartum, postpeak, and during late lactation of dairy goats.
Brazil. Twenty-four Saanen goats (15 multiparous and nine primiparous) were used from early lactation to the 200th day postpartum. They were distributed in a completely randomised design with a 3 × 2 (diets × parities) factorial arrangement of treatments. Goats were housed in single pens, fed individually for ad libitum intake (100 g/kg in orts) twice a day (at 9.00 hours and 16.00 hours), and milked twice daily, at 7.30 hours and 15.00 hours The milk yield was recorded at each milking.
The diets were composed of soybean meal only (SB), soybean meal + inactive dry yeast (SBDY), or inactive dry yeast only (DY), as the protein source. The other ingredients were ground corn, mineral supplement, and corn silage with a forage-to-concentrate ratio of 40:60 (Tables 1 and 2) .
Inactive dry yeast is a commercially available product composed of inactive cells of S. cerevisiae containing about 949.9 g/kg of DM and 401.1 g/kg of crude protein (CP), based on DM, and was obtained by drying (using a spray drier) the biomass generated in sugar cane alcoholic fermentation. The diets were formulated with a similar chemical composition to meet the nutrient requirements of a 60 kg goat producing 3.0 kg/d of milk (NRC, 2007) .
The intake and apparent digestibility of DM and nutrients were evaluated during three periods: postpartum (until the 60th lactation day), postpeak (61th to 130th day), and late lactation (131th to 200th day). Samples of faeces (30 g) were collected for 6 consecutive days at intervals of 26 hours (8.00 hours, 10.00 hours, 12.00 hours, 14.00 hours, 16.00 hours, and 18.00 hours) at the beginning of each of the three periods. Samples of total mixed ration (TMR) and orts were collected for 6 consecutive days per period, during the days of faecal samples. Samples of feeds, orts, and faeces were collected for each period (postpartum, postpeak, and late lactation), frozen (-20 ºC), and a composite was formed on a period basis. Samples were oven-dried (55 °C for 72 h), then ground in a knife mill to pass through a 1 mm screen sieve.
The DM of diets, orts, and faeces was determined according to method no. 934.01 of the AOAC (1998). Ash was determined by combustion in a muffle furnace according to method no. 942.05 of the AOAC (1998). Total nitrogen (TN) was evaluated using a Tecnal TE-036/1 (Tecnal, Piracicaba, São Paulo, Brazil) following method no. 988.05 of the AOAC (1998) and CP was estimated as TN × 6.25. The ether extract content (EE) in the diets was determined using a Tecnal TE-044/1 (Tecnal, Piracicaba, São Paulo, Brazil) according to method no. 920.39 of the AOAC (1998). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were measured according to the non-sequential procedures of Van Soest et al. (1991) using amylase but not sodium sulfite, and expressed inclusive of residual ash. Procedures for NDF determination were adapted for use in an Ankom 200 Fiber Analyzer (Ankom Technology Corp., Fairport, NY, USA).
Total carbohydrates (TC) and total digestible nutrients (TDN) were estimated according to equations described by Sniffen et al. (1992) : TC (g/kg of DM) = 1000 -(CP + EE + ash) and TDN = dCP + (2.25 × dEE) + dTC, in which dCP = digestible crude protein, dEE = digestible ether extract, and dTC = digestible total carbohydrates.
The dietary rumen-degradable protein (RDP) content was calculated according to the NRC (2007) model, bymultiplying the CP content by the concentration of RDP for each feed. The considered values were 725 g/kg, 422 g/kg, and 644 g/kg for corn silage, ground corn, and soybean meal, respectively. For inactive dry yeast, 0 g/kg of RDP was adopted, since about 200 g/kg of the nitrogen content is composed of nucleic acids (Amorim and Lopes, 2009 ).
Indigestible neutral detergent fibre (iNDF) was used as an internal marker to estimate faecal output and apparent nutrient digestibility. For iNDF analysis, 0.5 g (1 mm) of period samples (faecal, orts, and feeds) were incubated in situ (144 h) in the goat rumen inside nylon bags (F57 Ankom), followed by neutral detergent analysis (Mertens, 2002) by an Ankon 200 Fibre Analyzer (Ankom Technology Corp., Fairport, NY, USA).
Blood was collected from all goats 4 hours after the morning feeding to determine urea nitrogen (N-urea) concentration. Blood was withdrawn from the jugular vein into tubes, which were immediately centrifuged for 15 min at 3500 rpm. Serum was separated and frozen at -20 o C for subsequent analysis. Serum samples were analysed using commercial kits (urea-PP kit category 427; Gold Analisa Diagnostica ® ) in a spectrophotometer (Shimadzu UV-1601 UV-Visable Spectrophotometer ® ).
The economic evaluation was conducted using the concept of net profit of Cimmyt (1988), described by Borges et al. (2004) . The net profit obtained is related to the revenue (value of milk production in treatment) minus the variable costs, which are costs that differ according to the treatment. The cost of food per kilogram of fresh matter (FM) quoted for the region of Maringá, in Brazilian Reais (R$) values, was: ground corn, 0.43 R$.kg −1 FM; soybean meal, 0.98 R$.kg −1 FM; dry yeast, 0.75 R$.kg −1 FM; mineralvitamin supplement, 1.68 R$.kg −1 FM; and limestone, 0.48 R$.kg −1 FM. For goat milk, the same value, 1.45 R$.kg −1 , was used for all the treatments, and it is paid by the dairy company CAPRILAT ® .
The data obtained were analysed by analysis of variance (α = 0.05) and means were compared by the Tukey test using the SAEG system (Sistema Para Análises Estatísticas e Genéticas, version 7.0), with the general model:
in which Y ijk = the dependent variable; μ = general constant; D i = effect of diet i, i = SB (soybean meal), SBDY (soybean meal + dry yeast), and DY (dry yeast); P j = effect of the parity j, j = 1 for primiparous and j = 2 for multiparous; DP ij = interaction between diet i and parity j; and e ijk = random error.
Results
The diets did not affect (P>0.05) DMI, organic matter intake (OMI), crude protein intake (CPI), neutral detergent fibre intake (NDFI), total carbohydrate intake (TCI), or intake of total digestible nutrients (TDNI) during the postpartum period for Saanen goats (Table 3) .
Parity influenced (P<0.05) the DMI values and nutrients for Saanen goats in the postpartum period, with multiparous goats showing higher values than primiparous goats. Body weight (BW) and metabolic weight were not influenced (P>0.05) by diets. However, the BW of multiparous goats was 12.15 kg higher than that of primiparous goats.
There were no differences (P>0.05) in digestibility when goats were fed a diet with inactive dry yeast partially replacing soybean meal. However, when goats were fed inactive dry yeast as the only protein source, the EE digestibility was reduced (P<0.05).
Primiparous goats in the postpartum showed higher (P<0.05) digestibility of dry matter (DDM), organic matter, CP, TC, and TDN than multiparous goats, resulting in greater TDN content.
Diets did not affect (P>0.05) DMI (g/kg BW), TCI, or TDNI of Saanen goats postpeak fed diets with dry yeast (Table 4 ). However, EEI was greater (P<0.05) for goats fed SB than those fed dry yeast diets (SBDY or DY) .The values of EEI, TCI, and TDNI (P<0.05) were influenced by parity postpeak. On the other hand, DMI expressed as a g/kg of BW was not affected (P>0.05) by parity (Table 4) .
For DMI (kg/day and g/kg 0.75 ), OMI, CPI, and NDFI, there was a significant interaction between diets and parity. The primiparous goats fed the SBDY diet showed lower values for these intakes than those fed the SB and DY diets ( Table 5 ). The inclusion of dry yeast in the diet did not influence (P>0.05) the digestibility of crude protein (dCP). However, the digestibility of neutral detergent fibre (dNDF) was reduced (P<0.05) by 9.67% when dry yeast was included in the diet. Parity had no effect (P>0.05) on dCP or dNDF (Table 4) .
For the digestibility of DM, OM, EE, TC, and TDN, there was an interaction (P<0.05) between diets and parity from Saanen goats postpeak. The lowest values for digestibility and TDN were observed for multiparous goats fed the SBDY diet (Table 5 ).
Diets did not alter (P>0.05) DMI, OMI, TCI, or TDNI of primiparous and multiparous Saanen goats in late lactation fed diets with dry yeast. However, differences (P<0.05) in CPI, EEI, and NDFI were found (Table 6) .
Parity influenced (P<0.05) DM and nutrient intake (kg/day). On the other hand, it had no influence when DM and nutrient intake were calculated as a percentage of BW (Table 6) .
Dry matter and nutrient digestibility were not influenced (P>0.05) by the diets. Ether extract digestibility was lower (P<0.05) in the animals fed the DY diet compared with those fed the other two diets. Parity had no effect (P>0.05), except on TC; the highest value was obtained for primiparous goats in late lactation. The total digestible nutrient values observed in late lactation period were higher than the estimated value (770 g/kg). The diets SB, SBDY, and DY showed TDN values that were 2.3, 3.7, and 3.61% higher than the estimated TDN, respectively.
The serum N-urea of lactating Saanen goats was influenced (P<0.05) by the diets. However, there was no difference (P>0.05) between the parities (Table 7) .
The milk yield and the net profit of milk from primiparous and multiparous Saanen goats in lactation fed diets with dry yeast were not influenced (P<0.05) by the diets. However, there was a difference (P>0.05) between the parities (Table 8 ).
Discussion
Multiparous goats showed higher DMI, and therefore, higher nutrient intake than the primiparous goats for the three periods: postpartum (until the 60th lactation day), postpeak (61th to 130th day), and late lactation (131th to 200th day) ( Table 3 , 4, 5 and 6). The higher intake of the multiparous goats corresponds to their higher BW and greater gastrointestinal capacity, and the consequently higher nutrient requirement for maintenance.
The postpartum DMI (kg/day) of multiparous goats was 57.25% higher than that of primiparous goats. However, this difference was reduced to 22.54% during late lactation. When compared with DMI as a percentage of BW, the difference between parities was reduced from early to late lactation. For multiparous goats, during postpartum and postpeak, this difference was 26.48% and 9.01%, respectively, and during late lactation, there was no difference between the parities (0.62%). Thus, the values showed in this study ranging from 2.87 g/kg to 3.92 g/kg were similar to recent studies on lactating goats that showed DMI (g/kg BW) ranging from 2.93 g/kg to 4.50 g/kg (Fonseca et al., 2008; Serment et al., 2011) According to the NRC (2007), the intake of animals is based on a combination of factors, such as its energy requirement, characteristics of the feed, BW, and BW at maturity. Lima et al. (2012) reported higher DMI for 2-yearold goats compared with 1-year-old goats. This difference was attributed to the different BW (10.69 kg) between the ages at the first kidding.
The goats have the ability to select foods according to palatability and may reject some foods partially or fully concentrated. Because dry yeast has specific flavor, which is dependent on the substrate on which it was grown (Amorim and Lopes, 2009) , in this case the sugarcane, this factor may have contributed to the decrease in the intake of primiparous goats that received rations where the soybean meal was totally or partially replaced by dry yeast.
According to Van Soest (1982) , high NDF values can interfere with DM intake; values above 480-500 g/kg of NDF reduce the silage quality and consequently decrease consumption rates. In this study, the DM intake was slightly lower than expected, as the estimated DM intake for goats is approximately 3 kg/day (NRC, 2007) . So, one possible explanation for this observation is the silage used was of low quality and had a fibre content of 569 g/kg of DM. Goats fed diets without dry yeast (SB) showed higher EEI and NDFI than those fed dry diets (SBDY and DY). This may be explained by the higher EE and NDF content in soybean meal (29 g/kg) compared with dry yeast (1.8 g/kg) (Table 1) .
When goats were fed inactive dry yeast as the only protein source, the EE digestibility was reduced during the postpartum and the late lactation periods. This can be explained by the lower EE intake observed in this diet (DY). The reduction in EE digestibility was due to the lower EEI observed with the DY diet. This is in agreement with the results reported by Rufino et al. (2013) , which showed an effect on EE digestibility when lambs were fed dry yeast as a soybean meal substitute.
The TDN value observed for primiparous goats was higher than the previous estimate (770 g/kg), so primiparous goats were more efficient in the use of the nutrients in this phase. The TDN values observed among goats fed the SB, SBDY, and DY diets corresponded to the previously estimated TDN value of 770 g/kg. It indicates that iNDF is a good internal marker for digestibility trials.
During the postpartum and late lactation phases, in goats fed the DY diet, the N-urea concentration was reduced compared with goats fed the other two diets. This corresponds to the better synchrony between the degradation rates, and protein and energy utilisation of the DY diet, and the higher RDP. The lowest N-urea values were found during the postpartum phase, which may be due to greater nitrogen utilisation efficiency in this period.
The mixture of ingredients in the diets resulted in different concentrations of N-urea: from 15.24 to 32.66 mg/dL. Brun-Bellut et al. (1991) observed in lactating Saanen goats fed 133 g/kg CP an N-urea concentration of 21.9 mg/dL. Fonseca et al. (2008) observed a mean value of 25.73 mg/dL for Alpine goats fed diets containing different protein levels (115 g/kg to 175 g/kg). Mendes et al. (2010) evaluated the replacement of soybean meal by urea or starch-urea in the diets for Saanen-Alpine goats and observed N-urea values ranging from 24.42 to 34.92 mg/dL.
The net profit of milk correlates with milk yield, so the higher yield of multiparous goats results in greater net profit of milk compared with primiparous goats. According to Sauvant et al. (2012) , the average daily production of goats depends on parity; and multiparous goats tend to produce more than primiparous goats. Also, the fact that the diets did not change the net profit of milk shows that dry yeast is an alternative to soybean meal in diets for goats. However, for the utilisation of dry yeast instead of soybean meal, a sensitivity analysis should be performed first, because the cost of feeds changes constantly; the cost of CP per kilogram is higher for dry yeast compared with soybean meal: for dry yeast it is 1.86 R$.kg −1 and for soybean meal it is 1.82 R$.kg −1 .
